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(54) Vehicle controlling apparatus and method 

(57) An obstacle existing ahead of a vehicle is rec- 
ognized to detect information on the obstacle. Informa- 
tion on travelling conditions of the vehicle is detected. 
The steering performance of the vehicle is changed for 
controlling behaviour of the vehicle. It is determined 
whether the vehicle can avoid collision with the obstacle 
only by a driver's braking operation based on at least 
the information on the obstacle and the vehicle. The ve- 
hicle enters into an evasive driving mode in accordance 
with a driver's steering operation when it is determined 



that the vehicle cannot avoid collision with the obstacle 
only by the driver's braking operation. The steering per- 
formance of the vehicle is changed for controlling be- 
haviour of the vehicle. It is detemnined whether the ve- 
hicle has been maneuvered for avoiding collision with 
the obstacle. The vehicle is released from the evasive 
driving mode when it is determined that the vehicle has 
not been maneuvered for avoiding collision with the ob- 
stacle even though the vehicle has reached the obstacle 
In the evasive driving mode. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to an apparatus 
and nnetliod for controlling a vehicle for taking evasive 
action to avoid collision with obstacles, covering the ve- 
hicle's behaviour before and after the evasive action. 
[0002] Several types of vehicle controlling apparatus 
have been developed and put Into practical use for en- 
hanced vehicle perfomriance. 

[0003] The following are representative of such vehi- 
cle controlling apparatus: a braking-force controller for 
appropriately applying braking force to the wheels 
against any force exerted on a vehicle, for example, dur- 
ing cornering; a rear-wheel steering controller for con- 
trolling the rear wheels in accordance with vehicle trav- 
elling conditions; a right-to-left torque-split controller for 
controlling torque split to right and left wheels in accord- 
ance with vehicle travelling conditions; and a torque- 
split controller for torque split between front and rear 
wheels by controlling differential power of a center dif- 
ferential between the front and rear wheels in accord- 
ance with vehicle travelling conditions. 
[0004] Among other techniques also proposed re- 
cently is recognition of any obstacles in front, such as a 
vehicle travelling ahead, of a driver's vehicle. Japanese 
Unexamined Patent Publication No. 7-21500. for exam- 
ple, discloses an automatic brake controller In detail, a 
driver's steering is continuously detected. When the 
driver's vehicle and an obstacle are becoming close and 
it Is detennined that the driver's vehicle cannot avoid col- 
lision with the obstacle only by usual braking control, the 
automatic brake controller controls braking force for 
each wheel for enhanced steering perfonnance, or 
quick response to the driver's steering. 
[0005] The known apparatus ach leves an appropriate 
control until the driver takes an evasive action, but does 
not offer various fine controls after evasive action. 
[0006] Moreover, the known apparatus achieves high 
steering performance with automatic braking. It is, how- 
ever, preferable that high steering perfomnance is 
achieved by any vehtele controlling apparatus dis- 
cussed above. 

[0007] These vehicle controlling apparatus have to 
operate appropriately in accordance with complex op- 
erations such as evasive driving for avoiding an obstacle 
and then returning to the original position in a short time. 
[0008] However, an erroneous obstacle Infomiatlon 
entered for evasive-driving support control for such ap- 
paratus could force a vehicle to enter an unnecessary 
evasive driving mode to change the vehicle character- 
istics so that a driver could have an uncomfortable feel- 
ing. 

SUMMARY OF THE INVENTION 

[0009] A purpose of the present Invention Is to provide 
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vehicle controlling apparatus and method for an appro- 
priate evasive action by accurately recognizing obsta- 

_ cles tp a vehicle, precisely operating a controlling device 
for each vehicle behavior, and also restricting effects of 

5 any en-oneously entered obstacle infomiatlon to the ve- 
hicle control characteristics. 

[0010] The present invention provides a vehicle con- 
trolling apparatus Installed in a vehicle Including: an ob- 
stacle recognizer to recognize an obstacle existing 
10 ahead of the vehicle for detecting infomiation on the ob- 
stacle; a vehicle infomiation detector to detect informa- 
tion on travelling conditions of the vehicle; a vehicle con- 
troller to change steering performance of the vehicle for 
controlling behaviors of the vehicle; an evasive-driving 
15 determiner to determine whether the vehicle can avoid 
collision with the obstacle only by a driver' s braking op- 
eration based on at least the information on the obstacle 
and the vehicle; an evasive-driving controller to control 
the vehicle controller to enter into an evasive driving 
20 mode in accordance with a driver's steering operation 
and the vehicle behaviors when it is determined that the 
vehicle cannot avoid collision with the obstacle only by 
the driver's braking operation and also control the vehi- 
cle controller to change a control operation of the vehicle 
25 controller in the evasive driving mode in accordance 
with the driver's steering operation and the vehicle be- 
haviors; and an evasive-driving condition detemninerto 
detemnlne whether the vehicle has been maneuvered 
for avoiding collision with the obstacle, wherein the eva- 
30 sive-driving controller releases the vehicle from the eva- 
sive driving mode when it is detennined that the vehicle 
has not been maneuvered for avoiding colliston with the 
obstacle even though the vehicle has reached the ob- 
stacle in the evasive driving mode. 
35 [0011] Moreover the present invention provides a ve- 
hicle controlling method including the steps of; recog- 
nizing an obstacle existing ahead of a vehicle to detect 
information on the obstacle; detecting information on 
travelling conditions of the vehicle; changing steering 
40 perfomnance of the vehicle for controlling behaviors of 
the vehicle; detennining whether the vehicle can avoid 
collision with the obstacle only by a driver's braking op- 
eration based on at least the information on the obstacle 
and the vehicle; entering into an evasive driving mode 
^5 in accordance with a driver's steering operation and the 
vehicle behaviors when It is determined that the vehicle 
cannot avoid collision with the obstacle only by the driv- 
er's braking operation; changing the steering perform- 
ance of the vehicle in the evasive driving mode In ac- 
50 cordance with the driver's steering operation and the ve- 
hicle behaviors; determining whether the vehicle has 
been maneuvered for avoiding collision with the obsta- 
cle; and releasing the vehicle from the evasive driving 
mode when it is determined that the vehicle has not 
55 been maneuvered for avoiding collision with the obsta- 
cle even though the vehicle has reached the obstacle in 
the evasive driving mode. 

[0012] By way of example only, a specific embodi- 
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ment of the present invention will now be described, with 
reference to the acconnpanying drawings, in which:- 

FIG. 1 shows the entire architecture of a vehicle 
controlling apparatus according to the present in- 
vention, installed in a vehicle 1; 
FIG. 2 shows a functional block diagram of an eva- 
sive-driving controller of the vehicle controlling ap- 
paratus according to the present invention; 
FIG. 3 shows a flowchart of an evasive-driving con- 
trol program according to the present Invention; 
FIG. 4 shows a flowchart that follows the flowchart 
shown In FIG. 3; 

FIG. 5 shows a flowchart that follows the flowchart 
shown in FIG. 3; and 

FIG. 6 shows a flowchart that follows the flowchart 
shown In FIG. 3. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] A preferred embodiment according to the 
present invention will be disclosed with reference to the 
attached drawings. 

[0014] FIG. 1 shows the entire architecture of a vehi- 
cle controlling apparatus according to the present inven- 
tion, installed in a vehicle 1 . 

[0015] The vehicle 1 has an engine 2 located at the 
front. Power from the front engine 2 is transmitted to a 
center differential 4 via an automatic transmission 3 (in- 
cluding a torque converter, etc) situated behind the en- 
gine 2 and a transmission output shaft 3a. The engine 
driving power is then split to front and rear wheel sides 
at a specific torque-split ratio. 

[001 6] The torque supplied to the rear wheel side from 
the center differential 4 is transmitted to a rear-wheel 
final drive mechanism 8 via a rear drive shaft 5, a pro- 
peller shaft 6 and a drive pinion 7. 
[0017] The torque supplied to the front wheel side 
from the center differential 4 is transmitted to a front dif- 
ferential 1 2 via a transfer drive gear 9, transfer driven 
gear 1 0, a front drive shaft 1 1 . 

[0018] The automatic transmission 3, the center dif- 
ferential 4, the front differential 12, etc., are Installed in 
a casing 13. 

[0019] The torque transmitted to the rear-wheel final 
drive mechanism 8 is further transmitted to a left rear 
wheel 15rl via a left rear-wheel drive shaft 14rl, and to 
a right rear wheel 15rr via a right rear-wheel drive shaft 
14rr. 

[0020] The torque transmitted to the front differential 
12 is further transmitted to a left front wheel 15fl via a 
left front-wheel drive shaft 14f I, and to a right front wheel 
15fr via a right front-wheel drive shaft 14fr. 
[0021 ] The center differential 4 is located at the bacl( 
of the housing 13 when viewed from the engine 2. The 
rotatable transmission output shaft 3a is Inserted into 
the center differential 4 in front of a rotatable carrier 16. 



Also inserted Into the center differential 4 is the rotatable 
rear drive shaft 5 at the back of the carrier 1 6. 
[0022] A large first sun gear 1 7 is coupled to the trans- 
mission output shaft 3a at the rear end. A small second 
sun gear 18 is coupled to the rear drive shaft 5 at the 
front end. The first and second sun gears 1 7 and 1 8 are 
installed in the carrier 16. 

[0023] The first sun gear 17 Is meshed with a small 
first pinion 1 9 to fomn a first gear train. The second sun 
gear 1 8 is meshed with a large second pinion 20 to form 
a second gear train. The first and second pinions 1 9 and 
20 are made by integral molding. Several pinion pairs, 
such as three pairs of pinions of the pinions 19 and 20 
are coupled to the carrier 1 6 so that the pinion pairs can 
rotate on the can-ier 1 6. The carrier 1 6 transmits torque 
to the front wheels via the transfer drive gear 9 coupled 
to the carrier 1 6 at the front end. 
[0024] As disclosed, the center differential 4 Is a com- 
plex planetary set with no link gears. In this planetary 
set, torque from the transmission output shaft 3a is 
transmitted to the first sun gear 17 and supplied to the 
reardrive shaft 5 via the second sun gear 1 8, and further 
to the front drive shaft 1 1 via the carrier 1 6, the transfer 
drh/e gear 9 and the transfer driven gear 11 . 
[0025] The center differential 4 achieves a specific dif- 
ferential performance with appropriate settings of the 
number of teeth for each of the sun gears 1 7 and 1 8 and 
the several pinions 1 9 and 20 provided around the sun 
gears. 

[0026] Appropriate gear pitch -diameter settings for 
engagement between the first sun gear 17 and the first 
pinion 19, and also second sun gear 1 8 and the second 
pinion 20 offer equal (50 : 50) torque spilt or unequal 
torque split to the front and rear wheels, as the standard 
torque split. This embodiment adopts 36 : 64 torque split 
to the front and rear wheels, as the standard torque split. 
[0027] Moreover, the center differential 4 achieves a 
specific differential performance with a limited differen- 
tial torque proportional to an input torque attained with 
a helical-gear configuration for the first sun gear 1 7 and 
the first pinion 1 9, and also for the second sun gear 1 8 
and the second pinion 20. 

[0028] In detail, the helical-gear configuration with dif- 
ferent pressure angles between the first and second 
gear trains generates a friction torque between the teeth 
of first and second pinions 1 9 and 20 with residual thrust 
load. The helical-gear configuration also generates a 
friction torque on the pinions 19 and 20 and also the 
earner 1 6 that supports these pinions with a combination 
of load applied to the sun gears and the pinions due to 
engagement and disengagement. 
[0029] A transfer clutch 21 , a multiple-hydraulic disc 
clutch, is provided between the carrier 16 and the rear 
drive shaft 5, for varying the torque split between the 
front and rear wheels. The engagement of the transfer 
clutch 21 is controlled so that the torque split can be 
varied in the range from 50 : 50 torque split (4WD) to a 
torque split ratio attained by the center differential 4. 
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[0030] The transfer clutch 21 Is connected to a trans- 
fer-clutch driver 61 having a hydraulic circuit with sev- 
e^^l solenoid valves. The transfer-clutch driver .61 gepr 
erates hydraulic pressure for engagement and disen- 
gagement of the transfer clutch 21 , in response to a con- 
trol signal (to each solenoid valve) from a front-rear 
torque-split controller 60 (described later). 
[0031] The rear-wheel final drive mechanism 8 has 
the differential function and torque splitting function be- 
tween the right and left wheels. It mainly consists of a 
bevel-gear differential mechanism 22, a gear mecha- 
nism 23 having three gear trains, and two clutch mech- 
anisms 24 (24a, 24b) for torque split between the right 
and left wheels. All of these mechanisms are installed 
in a differential carrier 25. 

[0032] The drive pinion 7 is meshed with a final gear 
27 provided outside a differential casing 26 of the differ- 
ential mechanism 22. It transmits the torque to the final 
gear 27, which is split to the rear-wheel side from the 
center differential 4. 

[0033] The differential mechanism 22 includes a dif- 
ferential pinion (bevel geai-) 29 and right and left side 
gears (bevel gears) 30R and 30L meshed with the pinion 
29, installed In the differential casing 26. The differential 
pinion 29 is coupled to a pinion shaft 28 so that it can 
rotate on the shaft 28, The pinion shaft 28 is fixed to the 
differential casing 26. The right and left side gears 30R 
and SOL are coupled to the right and left rear drive shafts 
14rrand 14rt. respectively, at their shaft ends in the dif- 
ferential casing 26. 

[0034] Rotation of the drive pinion 7 allows the differ- 
ential casing 26 to rotate about the shaft of the side 
gears SOL and 30R so that the gear mechanisms in the 
casing 26 can perform the differential function to the 
right and left wheels. 

[0035] The gear mechanism 23 has two right and left 
sections between which the differential mechanism 22 
is interposed. In detail, a first gear 23z1 is coupled to 
the left rear-wheel drive shaft 14ri whereas a second 
gear 23z2 and a third gear 23z3 are coupled to the right 
rear-wheel drive shaft 14rr. These gears 2321, 23z2 and 
23zS are an^anged on the same rotary shaft and meshed 
with a fourth gear 23z4, a fifth gear 23z5 and a sixth 
gear23z6, respectively, an-anged on another common 
rotary shaft. The fourth gear 23z4 is coupled to a torque 
bypass shaft 31 at the left rear-wheel side, the shaft 31 
being provided along the other rotary shaft. 
[0036] Provided at the right rear-wheel side of the 
torque bypass shaft 31 is a first differential control clutch 
24a, the one of the clutch mechanisms 24 for right-left 
torque split. The torque bypass shaft 31 can be coupled 
to the shaft of the sixth gear23z6 via the differential con- 
trol dutch 24a. The clutch 24a is provided at the right 
rear-wheel of the sixth gear 23z6. The coupling of the 
torque bypass shaft 31 to thesixth gear 23z6 is achieved 
when the former is provided at the clutch-hub side 
whereas the latter the clutch-drum side. 
[0037] Provided along the torque bypass shaft 31 but 



between the differential mechanism 22 and the fifth gear 
23z5 is a second differential control clutch 24b, the other 
= = = clutch mechanism 24 for right-left torque split. The 
torque bypass shaft 31 can be coupled to the shaft of 
5 the fifth gear 23z5 via the differential control clutch 24b. 
The clutch 24b is provided at the left rear-wheel side of 
the fifth gear 23z5. The coupling of the torque bypass 
shaft 31 to the fifth gear 23z5 is achieved when the 
fomner is provided at the clutch-hub side whereas the 
fo latter the clutch-drum side. 

[0038] The number of teeth z1 , z2, z3, 24, 25 and z6 
for the gears 23z1 , 2322, 23z3, 2324, 2325 and 2326 
are, for example, 82, 78, 86, 46, 50 and 42, respectively 
The gear train (z5/z2 = 0. 64) of the second and fifth 
15 gears 23z2 and 23z5 is used for acceleration whereas 
the gear train (z6/z3 = 0. 49) of the third and sixth gears 
23z3 and 23z6 is used for deceleration In relation to the 
gear train (z4/z1 = 0. 56) of the first and fourth gears 
23z1 and 2324. 
20 [0039] Disengagement of both differential control 
clutches 24a and 24b offers equal torque split to the rear 
right and left drive shafts 1 4rr and 1 4rl via the differential 
mechanism 22 from the drive pinion 7. 
[0040] Engagement of the differential control clutch 
25 24a offers a large torque to the left rear wheel 15rl for 
high steering performance in turning right on the normal 
road \i. This Is because a component of the torque split 
to the right rear drive shaft 14rr is returned to the differ- 
ential casing 26 via the gear 23z3, the gear 2326, the 
30 differential control clutch 24a, the torque bypass shaft 
31 . the gear 2324 and the gear 2321 in order. 
[0041 1 On the contrary, engagement of the differential 
control clutch 24b offers a large torque to the right rear 
wheel 15rr for high steering perfomriance in turning left 
35 on the normal road \i. This is because a component of 
the torque transmitted to the differential casing 26 from 
the drive pinion 7 is bypassed to the right rear drive shaft 
14rrviathe gear23z1 , the gear 23z4, the torque bypass 
shaft 31 , the differential control clutch 24b, the gear 
40 23z5 and the gear 23z2 in order. 

[0042] The difterentiat control clutches 24a and 24b 
are connected to a differential control clutch driver 66 
having a hydraulic circuit with several solenoid valves. 
The differential control clutch driver 66 generates hy- 
45 draulic pressure for engagement and disengagement of 
the differential control clutches 24a and 24b, In re- 
sponse to a control signal (to each solenoid valve) from 
a right-left torque-split controller 65 (described later). 
[0043] A rear-wheel steering mechanism 32 has a 
50 rear-wheel steering motor 33 which is driven by a rear- 
wheel steering driver 71 controlled by a rear-wheel 
steering controller 70. Power generated by the motor 33 
is transmitted via a wonn-to-worm wheel link mecha- 
nism to steer the right and left wheels ^Srr and 15rt. 
55 [0044] Connected to a brake controller 76 is a master 
cylinder (not shown) connected to a brake pedal. When 
a driver presses the brake pedal, force is transmitted via 
the brake driver 76 to a left front-wheel cylinder 34fl. a 
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right front-wheel cylinder 34fr, a left rear-wheel cylinder 
34rl and a right rear-wheel cylinder 34rr for the left front 
wheel 15fl, the right front wheel 15fr, the left rear wheel 
16rl and the right rear wheel 15rr, respectively, to apply 
the brakes to the four wheels. 

[0045] The brake controller 76 Is a hydraulic unit hav- 
ing a brake fluid reservoir, a deconnpression valve, a 
connpression valve, etc. Not only by the driver's opera- 
tion, but also in response to a signal from a braking force 
controller 75, the brake controller 76 can apply the 
brakes to the wheel cylinders 34fl, 34fr, 34rl and 34rr 
Individually. 

[0046] The front-rear torque-split controller 60. the 
right-left torque-split controller 65, the rear-wheel steer- 
ing controller 70 and the braking force controller 75 are 
installed in the vehicle 1 as vehicle controllers. Also In- 
stalled in the vehicle 1 is an evasive maneuver controller 
80 that sends signals to the controllers 60, 65, 70 and 
75. 

[0047] Furthermore, the vehicle 1 is equipped with 
several sensors and switches as vehicle condition de- 
tectors for detecting the vehicle's behaviour. 
[0048] In detail, wheel speeds for the left front wheel 
16fl, the right front wheel 15fr, the left rear wheel 15ri 
and the right rear wheel 15rr are detected by wheel- 
speed sensors 41fl, 41 fr, 41 ri and 41 rr, respectively. The 
detected wheel-speed data are processed to obtain a 
vehicle speed V which is then supplied to the front-rear 
torque-split controller 60, the right-left torque-split con- 
troller 65, the rear-wheel steering controller 70, the brak- 
ing force controller 75 and the evasive maneuver con- 
troller 80. 

[0049] A steering angle GH and a yaw rate y detected 
by a steering angle sensor 42 and a yaw rate sensor 43, 
respectively, are also supplied to the front-rear torque- 
split controller 60, the right-left torque-split controller 65, 
the rear-wheel steering controller 70, the braking force 
controller 75 and the evasive maneuver controller 80. 
[0050] A lateral acceleration Gy detected by a lateral 
acceleration sensor 44 is supplied to the front-rear 
torque-split controller 60, the right-left torque-split con- 
troller 65 and the evasive maneuver controller 80. 
[0051 ] Also supplied to the front-rear torque-split con- 
troller 60 are a throttle opening eih detected by a throttle 
opening sensor 45, a gear position detected by an in- 
hibitor switch 46 and an engine speed Ne detected by 
an engine speed sensor 47. 

[0052] A rear-wheel steering angle 6r detected by a 
rear-wheel steering angle detector 48 is supplied to the 
rear-wheel steering controller 70. 
[0053] A front-rear acceleration Gx detected by a 
front-rear acceleration sensor 49 is supplied to the eva- 
sive maneuver controller 80. 

[0054] Incorporated into an instrument panel of the 
vehicle 1 is a waming lamp 55 that is turned on during 
evasive driving controlled by the evasive maneuver con- 
troller 80. 

[0055] The vehicle 1 is equipped with stereo optical 



equipment having a pair of CCD cameras using charge- 
coupled devices, a left-side camera 51 L and a right-side 
camera 51 R. The two cameras are arranged on the cell- 
ing of the vehicle 1 at the front side with a specific dls- 
5 tance for taking stereo images of objects existing out- 
side the vehicle. 

[0056] Image signals from the CCD cameras 51 L and 
51 R are supplied to an obstacle recognition unit 52. The 
unit 52 obtains three-dimensional distance distribution 

10 data over the images based on parallax to the same ob- 
ject using a triangular surveying principle. The three-di- 
mensional distance distribution data are processed for 
detection of the road shapes and several three-dimen- 
sional objects to recognize any obstacle existing ahead, 

15 such as a vehicle travelling ahead. 

[0057] The CCD cameras 51 L and 51 R and the ob- 
stacle recognition unit 52 constitute an obstacle recog- 
nizer. 

[0058] The obstacle recognition unit 52 searches for 

20 identical objects per minute area on the pair of stereo 
images taken by the CCD cameras 51 L and 51 R and 
calculates the distance to the object based on displace- 
ment between the identical objects to obtain distance 
distribution data (distance image) like an image. The 

25 distance distribution data are stored and processed for 
detection of the road shapes and several three-dimen- 
sional objects to recognize any obstacle existing ahead. 
[0059] In a road detection procedure, the obstacle 
recognition unit 52 extracts lane-marker data on a real 

30 road from three-dimensional positional data on the 
stored distance image. The extracted data are used for 
modifying or altering road-model parameters installed 
in the unit 52 so that they will match an actual roadshape 
for road-shape and lane recognition. 

35 [0060] In an object detection procedure, the obstacle 
recognition unit 52 divides the distance image into grid- 
like segments and selects data on three-dimensional 
objects which may become an obstacle to driving for 
each segment, to calculate the distance to the objects. 

40 The objects are identified as the same object if the dif- 
ference in distance to the objects on adjacent segments 
is equal to or smaller than a predetemnined value. On 
the contrary, they are identified as different objects If the 
difference is larger than the predetemnined value. An 

45 outline image of the object(s), the obstacle, Is then ob- 
tained. 

[0061] The above procedures, such as generation of 
distance Image and detection of road shapes and ob- 
jects are disclosed in detail in Japanese Unexamined 

so Patent Publications Nos. 5-265547 and 6-1 77236. 
[0062] Data on an obstacle existing ahead, such as a 
distance Ls to the obstacle (vehicle travelling ahead), a 
speed Vs of the obstacle (vehicle travelling ahead) and 
deceleration as of the obstacle (vehicle travelling 

55 ahead) detected by the obstacle recognition unit 52 are 
supplied to the evasive maneuver controller 80. 
[0063] Disclosed next is each vehicle controller for 
controlling the vehicle's behaviour. 
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[0064] As disclosed detail in Japanese Unexannined 
Patent Publications No. 8-2274. the front-rear torque- 
. split controller 60 estimates cornering powerf or the front 
and rear wheels over the linear and non-linear ranges 
by using a dynamic equation for the vehicle's lateral mo- 
tion with the detected vehicle speed V, steering angle 
OH and actual yaw rate y. 

[0065] Also estimated by the front-rear torque-split 
controller 60 is a road friction coefficient \i based on a 
ratio of the estimated cornering power for the front and 
rear wheels to that for the equivalent comering power 
for the front and rear wheels on a high-^. road. 
[0066] The front-rear torque-split controller 60 looks 
up a pre-installed map to the estimated road friction co- 
efficient ^1 for obtaining a base clutch torque VTDoutO. 
[0067] The clutch torque VTDoutO is connected based 
on the following values: an Input torque Ti (calculated 
by using engine speed Ne and gear ratio i) supplied to 
the center differential 3; a deviation of the actual yaw 
rate 7 from a target yaw rate yt (yaw-rate deviation Ay = 
y - yt), the target yt being calculated by using the throttle 
opening eth. an actual yaw rate y and a vehicle speed 
V; and lateral acceleration Gy. 

[0068] The corrected clutch torque VTDoutO is used 
for calculating a control output torque VTDout, the base 
of a base clutch engagement force FOtb for front-rear 
torque splitting. 

[0069] The control output torque VTDout is con-ected 
by using a steering-wheel angle to become the base 
clutch engagement force FOtb as a steering-wheel re- 
sponsive clutch torque for the transfer clutch 21 . 
[0070] The front-rear torque-split controller 60 sup- 
plies a signal corresponding to the base clutch engage- 
ment force FOtb, to the transfer-clutch driver 61, The 
clutch driver 61 applies a clutch oil pressure to the trans- 
fer clutch 21 to operate for front-rear torque splitting as 
differential force to the center differential 3. 
[0071] The correction of the base clutch torque 
VTDoutO using the yaw-rate deviation Ay is to increase 
or decrease the clutch torque in accordance with a de- 
viation of the actual yaw rate y from the target yaw rate 
yt expected to be generated during steering, for avoiding 
the tendency of oversteering or understeering. 
[OO72] The base clutch torque VTDoutO Is con-ected 
by, for example, decreasing the clutch torque to apply a 
larger torque to the rear wheels than the front wheels to 
achieve high steering perfonnance. This connection is 
perfomned when it is expected that the target yaw rate 
yt (absolute value) will be larger than the actual yaw rate 
y (absolute value), thus causing the tendency of under- 
steering. 

[0073] Contrary to this, the base clutch torque 
VTDoutO is corrected by increasing the clutch torque to 
have equal torque split to the front and rear wheels to 
achieve high stability. This correction is performed when 
it is expected that the target yaw rate yt (absolute value) 
will be smaller than the actual yaw rate y (absolute val- 
ue), thus causing the tendency of oversteering. 



[0074] Also supplied to the front-rear torque-split con- 
troller 60 are control signals for enhanced steering per- 
formance and enhanced stability from the evasive 
maneuver controller 80. 
5 [0075] In detail, in response to the control signal for 
enhanced steering performance, the front-rear torque- 
split controller 60 multiplies the calculated target yaw 
rate yt (absolute value) by a coefficient larger than 1 to 
con-ect the target yaw rate yt as being larger than a usual 
10 value. This correction decreases the clutch torque to ap- 
ply a larger torque to the rear wheels than the front 
wheels to achieve high steering performance. 
[0076] On the contrary, in response to the control sig- 
nal for enhanced stability, the front-rear torque-split con- 

*5 troller 60 multiplies the calculated target yaw rate yt (ab- 
solute value) by a coefficient smaller than 1 to correct 
the target yaw rate yt as being smaller than the usual 
value. This correction Increases the clutch torque to 
have equal torque split to the front and rear wheels to 

20 achieve high stability. 

[0077] The right-left torque-split controller 65 calcu- 
lates a clutch torque in accordance with ground weight 
between the right and left wheels based on the vehicle 
speed V, steering angel GH and lateral acceleration Gy. 

25 The calculated clutch torque Is connected by using the 
deviation of the actual yaw rate y from the target yaw 
rate yt calculated by using the vehicle speed V and the 
steering angel GH. The right-left torque-split controller 
65 then controls the differential control clutch driver 66 

30 to drive the first differential control clutch 24a or the sec- 
ond differential control clutch 24b to generate the finally 
corrected clutch torque for torque splitting between the 
right and left wheels. 

[0078] The correction of clutch torque using the yaw- 

35 rate deviation Ay at the right-left torque-split controller 
65 Is also to increase or decrease the clutch torque In 
accordance with the deviation of the actual yaw rate y 
from the target yaw rate yt expected to be generated 
during steering, for avoiding the tendency of oversteer- 

^0 ing or understeering. 

[0079] In detail, the clutch torque is corrected to apply 
a larger torque, for example, to the left wheels than the 
right wheels in turning right to achieve high steering per- 
formance. This correction Is perfomned when it is ex- 
pected that the target yaw rate yt (absolute value) will 
be larger than the actual yaw rate y (absolute value), 
thus causing the tendency of understeering. 
[0080] Contrary to this, the clutch torque is corrected 
to apply a smaller torque, for example, to the left wheels 

so than the right wheels In turning right to achieve high sta- 
bility. This correction is performed when it is expected 
that the target yaw rate yt (absolute value) will be smaller 
than the actual yaw rate y (absolute value), thus causing 
the tendency of oversteering. 

55 [0081] Also supplied to the right-left torque-split con- 
troller 65 are control signals for enhanced steering per- 
formance and enhanced stability from the evasive 
maneuver controller 80. 
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[0082] In detail, in response to the control signal for 
enhanced steering performance, the right-left torque- 
split controller 65 multiplies the calculated target yaw 
rate 7t (absolute value) by a coefficient larger than 1 to 
correct the target yaw rate as being largerthan a usual 
value. This correction increases the torque to be ap- 
plied, for example, to the left wheels compared to the 
right wheels in turning rightto achieve high steering per- 
formance. 

[0083] On the contrary, in response to the control sig- 
nal for stability, the right-left torque-split controller 65 
multiplies the calculated target yaw rate^t (absolute val- 
ue) by a coefficient smaller than 1 to correct the target 
yaw rate 7t as being smaller than the usual value. This 
correction decreases the torque to be applied, for ex- 
ample, to the left wheels compared to the right wheels 
In turning right to achieve high stability. 
[0084] The rear-wheel steering controller 70 calcu- 
lates a target rear-wheel steering angle Sr* based on a 
specific control protocol using the vehicle speed V, 
steering angle Of and yaw rate y. The target rear-wheel 
steering angle Sr* is compared with the current rear- 
wheel steering angle Br to determine a required rear- 
wheel steering amount. The rear-wheel steering control- 
ler 70 then supplies a signal corresponding to the re- 
quired rear-wheel steering amount to the rear-wheel 
steering driver 71 to drive the rear-wheel steering motor 
33. 

[0085] Moreover, in response to a control signal from 
the evasive maneuver controller 80, the rear-wheel 
steering controiler 70 perfomns correction to have a 
large in-phase steering amount for the rear-wheei steer- 
ing angle in relation to a front-wheel steering angle and 
yaw rate. 

[0086] The controlling procedure performed by the 
rear-wheel steering controller 70 is further disclosed in 
detail. 

[0087] The control protocol installed in the rear-wheel 
steering controller 70 is a control protocol with negative- 
phase steering angle and in-phase yaw rate, as given 
by the following equation (1): 

Sr* = .K80.f1 .(eH/N) + KY0.f2.y (1) 

where K50 is a steering-angle responsive gain, 
K7O is a yaw-rate responsive gain and N is a steering 
gear ratio. 

[0088] The yaw-rate responsive gain K7O is a coeffi- 
cient for determining the rear-wheel steering amount for 
decrease in yaw rate y. The steering-angle responsive 
gain K50 Is a coefficient for determining the rear-wheel 
steering amount for enhanced steering perfonnance. 
[0089] In detail, the yaw-rate responsive gain K7O is 
given for steering the rear wheels in phase to the yaw 
rate 7. The larger the yaw-rate responsive gain KyO, the 
more a vehicle travels obliquely from the vehicle's lon- 
gitudinal axis without tumlng. thus avoiding generation 



of yaw rate y. In other words, the steering performance 
will be lowered for enhanced stability. As discussed, the 
yaw-rate responsive gain K7O can be used as a coeffi- 
cient for detemriining the amount of steering to the rear 
5 wheels in relation to a generated yaw rate y, for preven- 
tion of yaw-rate generation. 

[0090] Application of the yaw-rate responsive gain 
K7O only, however, cannot give turning capability to a 
vehicle. In other words, the steering-angle responsive 

10 gain K50 is given f or the tu ming capability. The steering 
performance will be improved by steering the rear 
wheels in negative phase to the steering angle 6H. 
[0091] In detail, a vehicle can tum to the right or left 
with a steering-angle responsive gain K50 largerthan a 

15 steering angle GH. On completion of turning, the rear 
wheels are steered in a direction of canceling the yaw 
rate y (, or a direction of canceling side-to-side 
wobbling) . This Is because gear change to the neutral 
position gives the yaw-rate responsive gain K7O only to 

20 th e CO nt ro I p rotoco I . 

[0092] The steering-angle responsive gain K50 will 
notvary while the vehicle speed is higher than a specific 
speed because it is calculated based on cornering pow- 
er for the front and rear wheels. The steering-angle re- 

25 sponsive gain K50 is set at a small value while the ve- 
hicle speed is almost zero so that the rear wheels will 
not be allowed to be steered while the vehicle is almost 
stationary. 

[0093] In response to the control signals from the eva- 
30 sive maneuver controiler 80, the rear-wheel steering 
controller 70 corrects the steering-angle responsive 
gain K50 by multiplying it by a rear-wheel steering-angle 
correction offset f 1 , and also corrects the yaw-rate re- 
sponsive gain K-yO by multiplying it by a rear-wheel 
35 steering-angle correction offset f2. 

[0094] The steering-angle responsive gain K50 is 
multiplied by a rear-wheel steering-angle correction off- 
set f1 largerthan 1 to have a large absolute value. This 
large absolute value of gain K60 allows the rear wheels 
40 to be steered in negative phase to the steering angle GH 
compared to a normal drivingforenhonced steering per- 
fomnance. 

[0095] On the contrary, the steering-angle responsive 
gain K60 is multiplied by a rear-wheel steering-angle 

45 conrection offset f 1 smaller than 1 to have a small abso- 
lute value. This small absolute value of gajn K50 does 
not allow the rear wheels to be steered in negative 
phase to the steering angle GH compared to a normal 
driving for detracted steering perfonnance but en- 

50 hanced stability. 

[0096] The yaw-rate responsive gain K7O is multiplied 
by a rear-wheel steering-angle connection offset f2 
smaller than 1 to be corrected as being smaller than a 
normal value in phase to the yaw rate y for the rear 

55 wheels for enhanced steering perfonnance. 

[0097] On the contrary, the yaw-rate responsive gain 
KyO Is multiplied by a rear-wheel steering-angle correc- 
tion offset f2 largerthan 1 to be corrected as being larger 
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than the normal value In phase to the yaw rate yfor the 
rear wheels for detracted steering perfonnance but en- 
hanced stability. ^ - „ . _ 

[0098] The advantages discussed above can be giv- 
en by the con-ectlon of at least either the steering-angle 
responsive gain K60 or the yaw-rate responsive gain 
K7O. 

[0099] The braking force controller 75 calculates a 
braking force based on the actual yaw rate y and the 
target yaw rate yi obtained by using the vehicle speed 
V and steering angle GH. The braking force Is then ap- 
plied to a selected wheel via the brake controller 76 for 
generating an appropriate yaw moment to the wheel. 
[01 00] In detail, the braking force is applied, for exam- 
ple, to the right rear wheel in turning right against un- 
dersieering in which the target yaw rate yt (absolute val- 
ue) is larger than the actual yaw rate y (absolute value), 
for enhanced steering perfonnance. 
[0101] On the contrary, the braking force is applied, 
for example, to the left front wheel in turning right against 
oversteering in which the target yaw rate yt (absolute 
value) is smaller than the actual yaw rate y (absolute 
value), for enhanced stability. 

[0102] In detail, in response to the control signal for 
enhanced steering performance from the evasive 
maneuver controller 80, the braking force controller 75 
multiplies the calculated target yaw rate yt (absolute val- 
ue) by a coefficient larger than 1 to correct the target 
yaw rate yi as being larger than a usual value. 
[01 03] On the contrary, in response to the control sig- 
nal for enhanced stability from the evasive maneuver 
controller 80, the braking force controller 75 multiplies 
the calculated target yaw rate yi (absolute value) by a 
coefficient smaller than 1 to connect the target yaw rate 
yt as being smaller than the usual value. 
[0104] Disclosed next in detail is the evasive maneu- 
ver controller 80. 

[0105] Data supplied to the evasive maneuver con- 
troller 80 are the vehicle speed V, steering angle GH, 
yaw rate y, longitudinal acceleration Gx and lateral ac- 
celeration Gy as Information on travelling conditions of 
the the vehicle 1 . Also supplied to the evasive maneuver 
controller 80 are information on the obstacle (vehicle 
travelling ahead) such as a distance Ls to the obstacle 
(vehicle travelling ahead), a speed Vs of the obstacle 
(vehicle travelling ahead) and deceleration ces of the ob- 
stacle (vehicle travelling ahead), from the obstacle rec- 
ognition unit 52. 

[0106] The evasive maneuver controller 80 deter- 
mines whether the driver can avoid collision with the ob- 
stacle only by a braking operation based on the infor- 
mation on the vehicle 1 and the obstacle and also road 
conditions estimated by calculation. 
[0107] If It is determined that the driver cannot avoid 
collision with the obstacle only by the braking operation, 
the evasive maneuver controller 80 enters into an eva- 
sive driving mode In accordance with steering opera- 
tions and behaviour of the vehble 1 . 



[01 08] The evasive maneuver controller 80 then sup- 
plies several control signals to the front-rear torque-split 
- controller SO, the right-left torque-split controller 65, the 
rear-wheel steering controller 70 and the braking force 

5 controller 75. In response to the control signals, each 
vehicle controller alters its control characteristics for en- 
hanced steering performance and/or stability. During 
the evasive driving mode, the evasive maneuver con- 
troller 80 varies the control signals for altering the con- 

10 trol characteristics of the vehicle controllers for evasive 
driving in accordance with steering operations and ve- 
hicle behaviour. 

[0109] In the evasive driving mode, the evasive 
maneuver controller 80 refrains from this mode if the ve- 
is hide 1 has not been maneuvered for avoiding collision 
with the obstacle even if It has reached the obstacle. 
[0110] As shown In FIG. 2, the evasive maneuver con- 
troller 80 mainly consists of a road friction-coefficient es- 
timation unit 81 , a road-slope estimation unit 82, a de- 
20 celeratlon-distance cabulatlon unit 83, a deceleration- 
distance correction unit 84, a target yaw rate calculation 
unit 85, a yaw rate deviation calculation unit 86, an eva- 
sive condition determining unit 87, a control-alteration 
setting unit 88 and a warning drive unit 89. 
25 [0111] The road friction-coefficient estimation unit 81 
estimates cornering power for the front and rear wheels 
overthe linear and non-linear ranges by using a dynam- 
ic equation for the vehicle's lateral motion with the de- 
tected vehicle speed V, steering angle GH and actual 
30 yaw rate y. 

[01 12] Moreover, the road friction-coefficient estima- 
tion unit 81 estimates a road friction coefficient \l based 
on a ratio of the estimated comering power for the front 
and rear wheels to the equivalent comering power for 
35 the front and rear wheels on a high-p. road. The estimat- 
ed road friction coefficient p. Is supplied to the deceler- 
ation-distance calculation unit 83. 
[01 13] The road-slope estimation unit 82 receives the 
vehicle speed V and longitudinal acceleration Gx and 
40 calculates a rate of change RC (m/s^) in vehicle speed 
V per set period. It also calculates a slope of road SL 
(%) by using the following equation (2) with the vehicle 
speed V and longitudinal acceleration Gx: 

45 

SL = (Gx-RC/g).100 (2) 

where "g" is acceleration of gravity (m/s^) and a 
resultant (+) will indicate a direction of ascent for the 
so slope. 

[01 1 4] Not only that, the slope of road SL may be cal- 
culated by the following equation (3): 



SL = tan(sin"'' (({(ERTCR.TGR.FGR/m)-N)VM- 
RC)/g)).100)^ 
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(((ER.TCR.TGR.FGR/m-N)VM-RC)/g)). 1 00 (3) 

wherein ER is an engine torque (N - m). TCR Is a 
torque ratio for a torque converter in automatic trans- 
mission, TGR is a transmission gearratio, FGR is a final 
gear ratio, "m" is a wheel radius, N is a running resist- 
ance, and VM is a vehicle mass (Kg). 
[01 1 5] As disclosed, the road friction coefficient \i and 
the slope of road SL are estimated by the road friction- 
coefficient estimation unit 81 and the road-slope estima- 
tion unit 82, respectively, the estimation units 81 and 82 
being provided as a road-surface estimator. 
[0116] The deceleration-distance calculation unit 83 
receives the vehicle speed V, speed Vs of the obstacle 
(vehicle travelling ahead) and deceleration ccs (m/s^) of 
the obstacle (vehicle travelling ahead). Also supplied to 
the deceleration-distance calculation unit 83 is the slope 
of road SL from the road-slope estimation unit 82. 
[0117] The deceleration -distance calculation unit 83 
calculates a required deceleration distance LGB basec 
on these data under consideration of relative movement 
between the vehicle 1 and the obstacle (vehicle travel- 
ling ahead). The deceleration distance LGB is the least 
distance for avoiding collision with the obstacle by driv- 
er's braking operation only, which is obtained by the fol- 
lowing equation: 

LGB = 1/2 . (V - Vs)^/((ji-SL/1 00) • g - as) (4) 

[0118] The deceleration-distance correction unit 84 
receives the vehicle speed V, speed Vs of the obstacle 
(vehicle travelling ahead) and deceleration as (m/s^) of 
the obstacle (vehicle travelling ahead) . Using the vehi- 
cle speed V, the deceleration-distance correction unit 84 
calculates deceleration a (m/s^) of the vehicle 1 . 
[01 1 9] Then , the deceleration -distance correction unit 
84 corrects the required deceleration distance LGE ac- 
cording to the following equation (5) under consideration 
of delay in driver's bralcing operation: 

LGB = LGB + (V - Vs).Ttd(s) + 1/2 (as - 

a) . Ttd(s)^ (5) 

where Ttd(s) is a preset delay time for driver's 
braking operation. 

[0120] The corrected deceleration distance LGB is 
supplied to the control-alteration setting unit 88. 
[01 21 ] The target yaw rate calculation unit 85 receives 
the vehicle speed V and steering angle SH to calculate 
a target yaw rate yt. 

[01 22] The target yaw rate yt is given by the following 
equation (6), like the calculation, for example, at the 
front-rear torque-split controller 60, the right-left torque- 



split controller 65 and the braking force controller 75: 
Yt= 1/(1 +T.S) -TtO (6) 

5 

where S is the Laplace transf omn operator, T is the 
first-order delay constant and ytO Is a constant target 
yaw rate ytO. 

[01 23] The first-order delay constant T Is given by the 
10 following equation (7): 

T= (m.Lf.V)/(2.L.Kr) (7) 

15 Where m is vehicle mass, L is a wheelbase, Lf is 

a distance between the front axle and the center of grav- 
ity of the vehicle 1 , and Kr Is the equivalent rear corner- 
ing power 

[01 24] The constant target yaw rate ytO is given by the 
20 following equation (8): 

YtO = Gy6 • (OH/Zn) (8) 

25 where "n" is a steering-gear ratio and G75 Is a yaw- 

rate gain. 

[01 25] The yaw-rate gain G75 is given by the following 
equation (9): 

Gy6 = 1/(1 + A V^) . (V/L) (9) 

where A is a stability factor decided according to 
the perfomriance of the vehicle 1 . 
35 [0126] The stability factor A Is given by the following 
equation (10): 

A = - (m/(2 L^)) • (Lf Kf - Lr Kr)/(Kf.Kr) (1 0) 

40 

where Lr is a distance between the rear axle and 
the center of gravity of the vehicle 1 , and Kf is the equiv- 
alent front cornering power. 

[01 27] On receiving the actual yaw rate y and the tar- 
get yaw rate yt from the yaw rate sensor 43 and the tar- 
get yaw rate calculation unit 85, respectively, the yaw 
rate deviation calculation unit 86 calculates a yaw rate 
deviation Ay according to the following equation (11) : 

50 

AY=7-yl (11) 

[0128] The evasive condition detemnining unit 87 re- 
ceives the vehicle speed V, steering angle OH, lateral 
acceleration and actual yaw rate y, and also the speed 
Vs of the obstacle (vehicle travelling ahead) and the dis- 
tance Ls to the obstacle (vehicle travelling ahead) . 
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[0129] Based on these data, the evasive condition de- 
termining unit 87 watches the movement of vehicle 1 in 
a lateral direction during the evasive driving, mode, to 
detemiine whether the vehicle 1 has been maneuvered 
to avoid collision with the obstacle when It has reached 
the obstacle. The result of detenninatlon is Infomied to 
the control-alteration setting unit 88. The evasive con- 
dition determining unit 87 is provided as an obstacle- 
avoiding condition detemniner 

[0130] The obstacle-avoiding action is detemriined in 
accordance with the lateral motion of vehicle 1 . In detail, 
the evasive condition determining unit 87 determines 
that there is no obstacle-avoiding action for the vehicle 
1 if the following requirements are all met: 
[0131] A yaw angle y obtained by Integration of an 
input yaw rate y is equal to or smaller than a preset val- 
ue; the maximum value eHMA (of the absolute value of 
a steering angle eH detected until the vehicle 1 has 
reached the obstacle) Is equal to or smaller than a preset 
value; and the amount of lateral motion Yms obtained 
by twice integration of lateral acceleration Gy is equal 
to or smaller than a preset value. 
[0132] On the contrary, the evasive condition deter- 
mining unit 87 detenmines that there Is an obstacle- 
avoiding action for the vehicle 1 if at least one of the 
above requirements Is not met. 

[0133] Supplied to the control-alteration setting unit 
88 are the steering angle GH, actual yaw rate y and the 
distance Ls to the obstacle (vehicle travelling ahead), 
and also the required deceleration distance LGB from 
the deceleration-distance correction unit 84, the target 
yaw rate yt from the target yaw rate calculation unit 85, 
the yaw rate deviation Ay from the yaw rate deviation 
calculation unit 86, and the result of determination as to 
whether the vehicle 1 has been maneuvered to avoid 
collision with the obstacle from the evasive condition de- 
tennining unit 87. 

[0134] The control-alteration setting unit 88 deter- 
mines whether to enter into the evasive driving mode 
and further supplies signals for enhanced steering per- 
fomiance (a first mode) and signals for enhanced sta- 
bility (a second mode) to the vehicle controllers 60, 65, 
70 and 75 when the vehicle 1 has entered into the eva- 
sive driving mode or signals for refraining from the eva- 
sive driving mode to these vehicle controllers. 
[01 35] The vehicle 1 Is released from the evasive drlv- 
ing mode when the absolute value of the steering angle 
OH rs small for a specific period or longer or the absolute 
value of the yaw rate deviation Ay is within a preset 
range for a specific period or longer. In addition, the ve- 
hicle 1 is released from the evasive driving mode when 
the vehicle 1 has not been maneuvered for avoiding col- 
lision with the obstacle even though It has reached the 
obstacle due to possible erroneous obstacle-infonna- 
tion input. On entering into the evasive driving mode, 
the warning drive unit 89 supplies a signal to the warning 
lamp 55 so that it will be turned on until the vehicle 1 Is 
released from the evasive! driving mode. 



[01 36] As disclosed, the deceleration-distance calcu- 
lation unit 83, the deceleration-distance connection unit 
84 and the control-alteration setting unit 88 constitute 
an evasive driving detemniner. The control-alteration 

5 setting unit 88 also acts as an evasive driving controller. 
[0137] Disclosed next is the evasive driving control 
performed by the evasive maneuver controller 80 in ac- 
cordance with an evasive-driving control program 
shown in FIGS. 3 to 6, which runs per specific period. 

10 [0138] Information on vehicle travelling conditions are 
read In step SI 01 and a target yaw rate yt is calculated 
according to the equation (6). It is detemiined In step 
S1 03 whether the vehicle 1 has entered into the evasive 
driving mode. The program goes to step 81 04 if not en- 

'5 tered into the evasive driving mode whereas to step 
8118 if entered into the mode. 

[0139] Disclosed first Is the step 8104 and the suc- 
ceeding steps In which the vehicle 1 has not entered Into 
the evasive driving mode. 

[01 40] Information on obstacles is read in step 81 04. 
And it is detemiined in step 81 05 whether any obstacle 
(a vehicle travelling ahead) exists. The program termi- 
nates if it is detennlned (NO in step S105) that there is 
no obstacle. If not (YES in step SI 05), the program goes 
'5 to step S 1 06 to estimate a road friction coefficient and 
also estimate the slope of the road SL (%) according to 
the equation (2) in step SI 07. 

[0141] The program goes to step 81 08 to calculate a 
required deceleration distance LGB according to the 
0 equation (4), and corrects the distance LGB according 
to the equation (5) In step SI 09. 
[01 42] The program goes to step 81 1 0 to compare the 
connected required deceleration distance LGB and a dis- 
tance Ls to the obstacle. The program terminates if the 
35 distance Ls is longer than the distance LGB (Ls > LGB) 
and It is detemrtined that a collision with the obstacle can 
be avoided by the driver's braking operation only (NO in 
step 8110). 

[01 43] On the contrary, the pi ogram goes to step 8111 
40 If the distance Ls Is equal to or shorter than the distance 
LGB (Ls ^ LGB) and it is detemriined that a collision with 
the obstacle cannot be avoided by the driver's braking 
operation only (YES In step S1 1 0). The turning direction 
of the front wheels In this state is stored in step 8111 
45 and also the distance Ls to the obstacle is stored in step 
8112. And, the program goes to step Silt. 
[0144] In step S1 1 3, It Is detennlned whether the ab- 
solute value of the steering angle eH is larger than a 
specific value, or the steering operation has been per- 
so formed. The program goes to step 81 14 If the absolute 
value of the steering angle OH is larger than the specific 
value and hence the steering operation has been per- 
fonned (YES In step S113). 

[0145] In step 81 1 4, a target yaw rate yt and an actual 
55 yaw rate y are compared for their absolute values to de- 
termine vehicle behavior. The program goes to step 
S1 15 if the absolute value of the target yaw rate yt Is 
larger than that of the actual yaw rate y (lytl > lyl) and 
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hence the vehicle 1 has a tendency of understeering 
(YES in S114). Signals are supplied to the vehicle con- 
trollers 60, 65. 70 and 75 for altering the control charac- 
teristics thereof for enhanced steering performance. 
[01 46] In detail, the control characteristics of the front- 
rear torque-split controller 60 is altered as follows: A tar- 
get yaw rate 7t (absolute value) is calculated and multi- 
plied by a coefficient larger than 1 so that it can be cor- 
rected as being larger than a usual value. This correc- 
tion allows a decrease in clutch torque to apply a larger 
torque to the rear wheels than the front wheels to 
achieve high steering perfomriance. 
[0147] The control characteristics of the right-left 
torque-split controller 65 Is altered as follows: A target 
yaw rate 7t (absolute value) is calculated and multiplied 
by a coefficient larger than 1 so that (t can be connected 
as being larger than a usual value. This correction al- 
lows a larger torque to be applied, for example, to the 
left wheels than the right wheels in turning right to 
achieve high steering perfomriance. 
[0148] The control characteristics of the rear-wheel 
steering controller 70 is altered as follows: A steering- 
angie responsive gain K60 is multiplied by a rear-wheel 
steering-angle correction offset f1 larger than 1 to have 
a large absolute value for the gain K50. This large ab- 
solute vale of gain K50 allows the rear wheels to be 
steered in negative phase to the steering angle OH com- 
pared to a normal driving for enhanced steering per- 
fomiance. A yaw-rate responsive gain K7O Is multiplied 
by a rear-wheel steering-angle correction offset f2 
smaller than 1. The gain K7O is thus corrected as being 
smaller than a nomnal value In phase to the yaw rate y 
for the rear wheels for enhanced steering performance. 
[01 49] The control characteristics of the braking force 
controller 75 is altered as follows: A target yaw rate yt 
(absolute value) is calculated and multiplied by a coef- 
ficient larger than 1 so that It can be corrected as being 
targerthan a usual value forenhanced steering perform- 
ance. 

[0150] On the contrary, in step S114, the program 
goes to step S1 1 6 If the absolute value of the target yaw 
rate yt is equal to or smaller than that of the actual yaw 
rate 7 (iTtI < lyl) and hence the vehicle 1 has a tendency 
of oversteering (NO In step S1 14). Signals are supplied 
to the vehicle controllers 60, 65, 70 and 75 for altering 
the control characteristics thereof for enhanced stability. 
[01 51] In detail, the control characteristics of the front- 
rear torque-split controller 60 is altered as follows: Atar- 
get yaw rate yt (absolute value) is calculated and multi- 
plied by a coefficient smaller than 1 so that it can be 
corrected as being smaller than the usual value. This 
correction allows increase In clutch torque for equal 
torque split to the front and rear wheels to achieve high 
stability. 

[0152] The control characteristics of the right-left 
torque-split controller 65 Is altered as follows: A target 
yaw rate yt (absolute value) is calculated and multiplied 
by a coefficient smaller than 1 so that it can be connected 



as being smaller than the usual value. This correction 
allows restriction of Increase in torque to be applied, for 
example, to the left wheels in turning right to achieve 
high stability. 

5 [0153] The control characteristics of the rear-wheel 
steering controller 70 is altered as follows: A steering- 
angle responsive gain K50 is multiplied by a rear-wheel 
steering-angle correction offsetfl smallerthan 1 to have 
a small absolute value for the gain K50. This small ab- 

10 solute vale of gain K50 restricts the rear wheels to be 
steered in negative phase to the steering angle 9H com- 
pared to a normal driving for enhanced stability. A yaw- 
rate responsive gain KyO is multiplied by a rear-wheel 
steering-angle correction offset f2 larger than 1 . The 

IS gain K7O is thus corrected as being larger than the nor- 
mal value in phase to the yaw rate y for the rear wheels 
for enhanced stability. 

[01 54] The control characteristics of the braking force 
controller 75 is altered as follows: A target yaw rate yt 

20 (absolute value) is calculated and multiplied by a coef- 
ficient smallerthan 1 so that it can be corrected as being 
smallerthan the usual value for enhanced stability. 
[0155] In step 811 3, If the absolute value of the steer- 
ing angle OH is smaller than the specific value (NO in 

25 step S113), this indicates a possibility of a steering op- 
eration for the evasive driving. The program then goes 
to step S11 5 to supply signals to the vehicle controllers 
60, 65, 70 and 75 for altering the control characteristics 
thereof for enhanced steering performance. 

30 [0156] The program goes to step S117from step S115 
or S116 to supply a warning signal to the warning drive 
unit 89 to drive the warning lamp 55 so that It can be 
turned on to inform the driver of the evasive driving 
mode. The program then terminates. 

35 [0157] Disclosed next is the step S118 and the suc- 
ceeding steps to which the program goes from step 
8103 when determined as the evasive driving mode 
(YES in step S1 03). 

[0158] In step S1 1 8, the maximum value 6HMA of the 
40 absolute value of steering angle OH is calculated by 
comparison of the f onmer maximum value OHM A and the 
absolute value of a currently detected steering angle OH. 
[01 59] The program goes to step S1 1 9 to obtain a yaw 
angle v of the vehicle 1 by Integration of the input yaw 
45 ratey. And, In step S120, the total amount of lateral mo- 
tion Yms Is obtained by twice integration of lateral ac- 
celeration Gy. 

[0160] The program goes to step 8121 to calculate a 
relative speed (V - Vs) of the vehicle 1 to the obstacle 
50 where V is the speed of the vehicle 1 and Vs is that of 
the obstacle (vehble travelling ahead). 
[0161] Next, the program goes to step SI 22 to calcu- 
late a travelling distance Lst for the vehicle 1 to the ob- 
stacle by using the following equation (12): 

55 

Lst = (V - Vs)Tts (12) 
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where Tts is a sampling time. 
[0162] The program goes to step S123 to update the 
distance Ls (Ls = Ls - Lst) between the vehicle 1 and 
the obstacle to the current value by using the travelling 

distance Lst. 

[0163] It is determined In step SI 24 whether the dis- 
tance Ls is zero or less, or the vehicle 1 has reached 
the obstacle. 

[0164] The program goes to step S1 30 to continue the 
evasive driving mode if the distance Ls is determined as 
being larger than zero, or the vehicle 1 has not reached 
the obstacle (NO in step S124). 
[0165] On the contrary, the program goes to step 
S 125 if the distance Ls is determined as being zero or 
less, or the vehicle 1 has reached the obstacle (YES in 
step 8124). In step SI 25, It is detemnlned whether the 
maximum absolute value 6HMA of a steering angle 6H 
Is equal to or smaller than a preset value. The steering 
angle OH for this determination is being detected until 
the vehicle 1 has reached the obstacle. 
[0166] The program then goes to step 3130 to con- 
tinue the evasive driving mode if It Is determined that the 
maximum absolute value GHMA is larger than the preset 
value and hence the vehicle 1 has been steered in a 
lateral direction to avoid collision with the obstacle (NO 
in step S125). 

[0167] On the contrary, the program goes to step 
SI 26 if it is determined that the maximum absolute value 
6HMA is equal to or smaller than the preset value (YES 
in step SI 25). It is detemnlned in step S126 whether the 
detected yaw angle i]f is equal to or smaller than a preset 
value. 

[01 68] The program goes to step S1 30 to continue the 
evasive driving mode if it is determined that the yaw an- 
gle y is larger than the preset value and hence the ve- 
hicle 1 has been steered in the lateral direction to avoid 
collision with the obstacle (NO in step S126). 
[0169] On the contrary, the program goes to step 
SI 27 if it is determined that the yaw angle y is equal to 
or smaller than the preset value (YES in step S126). It 
is detemriined in step S1 27 whether the amount of lateral 
motion Yms is equal to or smaller than a preset value. 
[0170] The program goes to step SI 30 to continue the 
evasive driving mode If it is determined that the the 
amount of lateral motion Yms is lager than the preset 
value and hence the vehicle 1 has been steered In the 
lateral direction to avoid collision with the obstacle (NO 
in step SI 27). 

[0171] On the contrary, the program goes to step 
S 128 if it is determined that the amount of lateral motion 
Yms is equal to or smaller than the preset value and 
hence no evasive driving has been performed (YES in 
step SI 27). In step SI 28, since obstacle information are 
possibly erroneous, the signals to the vehicle controllers 
60, 65, 70 and 75 are ceased for not altering their control 
characteristics (, or releasing the vehicle 1 from the eva- 
sive driving mode) and each memory value is reset. 
[0172] The program goes to step S129 to cease the 



22 

signal output to the warning driver 89 and temninates. 
[0173] The order of steps S1 25. SI 26 and S127 may 

be changed. ^ - - - - — 

[0174] Next In step S130 for evasive driving mode 

5 from step S124, S125, S126 or S127, it Is determined 
whether the current evasive driving mode is to alter the 
control characteristics of the vehicle controllers 60, 65, 
70 and 75 for enhanced steering performance. 
[0175] The program goes to step SI 31 if detemnined 

10 , that the control characteristics is under alteration for 
each vehicle controller for enhanced steering perform- 
ance (YES in step S130). It Is detemnlned In S131 
whether the current front-wheel steering direction has 
been changed from the front-wheel steering direction 

15 stored in step S111 . 

[01 76] The program terminates if not changed (NO in 
SI 31 ) whereas It goes to step S132 to switch the signals 
that have been supplied to the vehicle controllers 60, 
65, 70 and 75 for control characteristics-alteration for 

20 enhanced steering performance to the signals for con- 
trol characteristics-alteration for enhanced stability. 
[01 77] On the contrary, if it is determined that the con- 
trol characteristics are under alteration for each vehicle 
controller for enhanced stability (NO In step S130), the 

25 program goes to step SI 33. It is detemnlned in step 
SI 33 whether the absolute value of the steering angle 
OH has been equal to or smaller than a specific value 
for a specific period or more. 

[0178] The program goes to step SI 34 if NO In step 
30 SI 33 to calculate a yaw rate deviation Ay according to 
the equation (1 1 ). It is determined in step S1 35 whether 
the absolute value of the yaw rate deviation Ay has been 
equal to or smaller than a specific value for a specific 
period or more. The program temninates if NO in step 
35 SI 35. 

[0179] When at least either of the requirements In 
steps S133 and SI 35 is met, or YES in step SI 33 and/ 
or S135, the program goes to step S136 to cease the 
signals to the vehicle controllers 60, 65, 70 and 75 for 
^0 not altering their control characteristics (, or releasing 
the vehicle 1 from the evasive driving mode) and reset 
each memory value. 

[01 80] The program then goes to step SI 37 to cease 
the signal output to the warning driver 89 and terml- 
45 nates. 

[0181] As disclosed above, the embodiment of the 
present Invention offers an accurate determination of 
whether collision with an obstacle can be avoided by the 
driver's braking operation only with recognition of the 

50 obstacle while analyzing road infonnation such as road 
friction coefficient and road slope, and relative motion 
between the vehicle 1 and the obstacle. 
[0182] If it is determined that collision with the obsta- 
cle cannot be avoided by the driver's braking operation 

55 only, the vehicle controllers 60, 65, 70 and 75 enter into 
the evasive driving mode in accordance with the behav- 
iour of the vehicle 1 such as steering operations, under- 
steering or oversteering. 
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[0183] Therefore, the driver can take an evasive ac- 
tion safely and easily based on accurate information of 
the obstacle. 

[01 84] In evasive driving, enhanced steering perf omn- 
ance is required before avoiding collision with the ob- s 
stacle whereas enhanced stability is required after pass- 
ing the obstacle. The vehicle controllers 60, 65, 70 and 
75 of the embodiment appropriately operate during the 
evasive driving mode with detenriination of how these 
requirements are met based on steering operations and 
vehicle behaviour. 

[0185] The vehicle equipped with the vehicle control- 
ling apparatus according to the embodiment can be re- 
leased from the evasive driving mode at an exact timing 
with detection of the completion of the driver's evasive 
maneuvering or vehicle stability after the evasive 
maneuvering. 

[0186] Moreover, the vehicle controlling apparatus 
according to the embodiment can cease evasive driving 
when the vehicle has entered into the evasive driving 
mode due to erroneous obstacle-information input by 
which the driver would have an uncomfortable feeling. 
Thus» the vehicle controlling apparatus according to the 
embodiment offers a highly accurate control to the driver 
without such an uncomfortable feeling. 
[01 87] The vehicle controlling apparatus according to 
the embodirnent Is equipped with the pair of CCD canv 
eras 51 R and 51 L for image processing in detection of 
obstacles existing ahead. Not only that, however, ultra- 
sonic radar or laser system, etc., can be used for obsta- 
cle detection. 

[01 88] Furthennore, the vehicle controlling apparatus 
according to the embodiment Is equipped with the vehi- 
cle controllers such as the front-rear torque-split control- 
ler 60, the right-left torque-split controller 65, the rear- 
wheel steering controller 70 and the braking force con- 
troller 75. These controllers operate in response to the 
control signals from the evasive maneuver controller 80. 
The present invention can, however, be applied to any 
system in which at least any one of the vehicle control- 
lers operates under the evasive maneuver controller 80. 
[0189] In this embodiment, each parameter such as 
the target yaw rate, steering responsive gain and yaw 
rate responsive gain for the vehicle controllers 60, 65, 
70 and 75 Is corrected to be Increased (or decreased) 
for Its absolute value by multiplying It by a coefficient 
larger (or smaller) than 1 . However, any other correction 
techniques can be applied. 

[0190] The front-rear torque-split controller 60 uses 
the target yaw rate as a correction parameter. Any other 
parameter can, however, be used under the require- 
ment that an engagement torque to the transfer clutch 
21 be set for torque split in which a larger torque will be 
transmitted to the rear wheels than the front wheels for 
enhanced steering perfomriance whereas an equal 
torque will be transmitted to the front and rear wheels 
enhanced high stability. 

[0191] The target yaw rate is also used for the right- 



left torque-split controller 65 as a correction parameter. 
Any other parameter can, however, be used under the 
requirement that the correction be performed so that a 
larger steering torque can be transmitted, for example, . 
to the left wheels or a larger braking force can be trans- 
mitted to the right wheels in taring right for enhanced 
steering performance under determination that the ve- 
hicle has a high tendency of understeering in relation to 
the reference steering characteristics; or a larger steer- 
ing torque can be transmitted, for example, to the right 
wheels or a larger braking force can be transmitted to 
the left wheels in turning right for enhanced stability un- 
der determination that the vehicle has a low tendency 
of understeering or oversteering in relation to the refer- 
ence steering characteristics. 

[01 92] The control protocol installed in the rear-wheel 
steering controller 70 In this embodiment Is the control 
protocol with negative-phase steering angle and in- 
phase yaw rate. Not only that, a known protocol such as 
the yaw- rate feed-back control protocol or the front- 
wheel steering-angle proportional control protocol can 
be applied. The requirements of correction under any 
control protocol are that the steering angle for the rear 
wheels be corrected in negative phase against the front 
wheels with decreasing the steering angle for the rear 
wheels in phase to the front wheels for enhanced steer- 
ing performance; or the steering angle for the rear 
wheels be corrected in phase to the front wheels with 
decreasing the steering angle forthe rear wheels in neg- 
ative phase against the front wheels for enhanced sta- 
bility. 

[0193] Not only as already described, the braking 
force controller 75 may perfomri braking-force control 
such that a large target yaw rate is applied to increase 
a braking force for enhanced steering performance un- 
der detemnination that the vehicle has a high tendency 
of understeering in relation to the reference steering 
characteristics; or a large target yaw rate is applied to 
increase a braking force for enhanced stability under de- 
termination that the vehicle has a low tendency of un- 
dersteering or oversteering in relation to the reference 
steering characteristics. 

[0194] The lateral motion of the vehicle 1 is deter- 
mined by using three factors such as the maximum ab- 
solute value eHMA of steering angle eH, the yaw angle 
\|f obtained based on yaw rate 7 and the lateral motion 
obtained based on lateral acceleration Gy in this em- 
bodiment for detecting erroneous obstacle Information 
during the evasive driving mode. Such erroneous obsta- 
cle-information detection may, however, be done using 
at least any one or two of the three factors. I^Aoreover, 
the lateral motion of the vehicle 1 can be detemnined by 
using other known parameters. 

[0195] As disclosed above, the vehicle controlling ap- 
paratus according to the present invention achieves 
evasive driving appropriately with the vehicle controllers 
in cooperation with each other for controlling several ve- 
hicle behaviour characteristics with precise recognition 
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of obstacles and analysis of various travelling condi- 
tions. 

10196] Moreover, the. vehicle controlling, apparatus 
according to present invention can restrict unnecessary 
vehicle control which would otherwise occur due to er- 
roneous obstacle-information input. 



Claims 

1 . A vehicle controlling apparatus installed in a vehicle 
comprising: 

an obstacle recognizer to recognize an obsta- 
cle existing ahead of the vehicle for detecting 
information on the obstacle; 
a vehicle Information detector to detect infor- 
mation on travelling conditions of the vehicle; 
a vehicle controllerto change steering perform- 
ance of the vehicle for controlling behaviour of 
the vehicle; 

an evasive-driving determiner to determine 
whether the vehicle can avoid collision with the 
obstacle only by a driver's braking operation 
based on at least the infomiation on the obsta- 
cle and the vehicle; 

an evasive-driving controller to control the ve- 
hicle controller to enter into an evasive driving 
mode in accordance with a driver's steering op- 
eration and the vehicle behaviour when it is de- 
temiined that the vehicle cannot avoid collision 
with the obstacle only by the driver's braking 
operation and also control the vehicle controller 
to change a control operation of the vehicle 
controller in the evasive driving mode in accord- 
ance with the driver's steering operation and 
the vehicle behaviour; and 
an evasive-driving condition determiner to de- 
tennine whether the vehicle has been maneu- 
vered for avoiding collision with the obstacle, 

wherein the evasive-driving controller releas- 
es the vehicle from the evasive driving mode when 
it is detemriined that the vehicle has not been 
maneuvered for avoiding collision with the obstacle 
even though the vehk:le has reached the obstacle 
in the evasive drh^ing mode. 



troller from the first to the second mode when a 
steering direction of the vehicle has been changed 
^ in the first mode. > - - 

5 4. The apparatus according to any of claims 1 to 3, 
wherein the evasive-driving controller releases the 
vehicle from the evasive driving mode when it is de- 
termined that a degree of the driver's steering op- 
eration has been low for a specific period or longer 

10 and/or a deviation of an actual yaw rate from a tar- 
get yaw rate has been within a predetermined range 
. for a specific period or longer. 

5. The apparatus according to any of claims 1 to 4, 
15 Wherein the evasive-driving condition determiner 

determines whether the vehicle has been maneu- 
vered for avoiding collision with the obstacle In ac- 
cordance With a lateral motion of the vehicle while 
reaching the obstacle based on the infomiation on 
20 the obstacle and the vehicle. 

6. The apparatus according to any of claims 1 to 5, 
further comprising an estimator to estimate condi- 
tions of a road on which the vehicle Is travelling, the 

25 evasive-driving determiner determines whether the 
vehicle can avoid collision with the obstacle only by 
the driver' s braking operation based on the infor- 
mation on the obstacle and the vehicle and the es- 
timated road conditions. 

30 

7. The apparatus according to any of claims 1 to 6, 
wherein the vehicle controller Includes at least a 
braking force controller to apply a braking force to 
at least one of front, rear, right and left wheels of the 

35 vehicle selected based on the travelling conditions 
of the vehicle, a rear-wheel steering controller to 
steer at least one of the rear wheels of the vehicle 
in accordance with the travelling conditions of the 
vehicle, a front-rear torque-split controllerto control 

40 torque split to the front and rear wheels or a right- 
left torque-split controller to control torque split to 
the right and left wheels. 

8. A vehicle controlling method comprising the steps 
45 of: 

recognizing an obstacle existing ahead of a ve- 
hicle to detect information on the obstacle; 
detecting inf omnation on travelling conditions of 
the vehicle; 

changing steering perfomnance of the vehicle 
for controlling behaviour of the vehicle; 
determining whether the vehicle can avoid col- 
lision with the obstacle only by a driver's brak- 
ing operation based on at least the Information 
on the obstacle and the vehicle; 
entering into an evasive driving mode in ac- 
cordance with a driver's steering operation and 



2. The apparatus according to claim 1 , wherein the 
evasive-driving controller controls the vehicle con- 50 
troller to achieve high steering perfomnance com- 
pared to nomnal driving In a first mode of the evasive 
driving mode or achieve high stability compared to 
the normal driving in a second mode of the evasive 
driving mode. 55 

3. The apparatus according to claim 2, wherein the 
evasive-driving controller switches the vehicle con- 
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the vehicle behaviourwhen it is determined that 
the vehicle cannot avoid collision with the ob- 
stacle only by the driver's braking operation; 
changing the steering performance of the vehi- 
cle in the evasive driving mode In accordance s 
with the driver's steering operation and the ve- 
hicle behaviour; 

determining whether the vehicle has been 
maneuvered for avoiding collision with the ob- 
stacle; and 

releasing the vehicle from the evasive driving 
mode when it is determined that the vehicle has 
not been maneuvered for avoiding collision with 
the obstacle even though the vehicle has 
reached the obstacle In the evasive driving 
mode. 



the vehicle selected based on the travelling condi- 
tions of the vehicle, steering at least one of the rear 
wheels of the vehicle in accordance with the travel- 
ling conditions of the vehicle, controlling torque split 
to the front and rear wheels or controlling torque 
spilt to the right and left wheels. 



9. The method according to claim 8, further compris- 
ing the step of controlling the vehicle to achieve high 
steering performance compared to normal driving 
in a first mode of the evasive driving mode or 
achieve high stability compared to the nomnal driv- 
ing in a second mode of the evasive driving mode. 

10. The method according to claim g, further compris- 
ing the step of switching the first mode to the second 
mode when a steering direction of the vehicle has 
been changed in the first mode. 

11. The method according to any of claims 8 to 10, 30 
wherein the releasing step includes the step of re- 
leasing the vehicle from the evasive driving mode 
when it Is determined that a degree of the driver's 
steering operation has been low for a specific period 

or longer and/or a deviation of an actual yaw rate 35 
from a target yaw rate has been within a predeter- 
mined range for a specific period or longer 

12. The method according to any of claims 8 to 11, 
wherein the vehicle maneuver detemilning step in- 
dudes the step of detennining whether the vehicle 
has been maneuvered for avoiding collision with the 
obstacle In accordance with a lateral motion of the 
vehicle while reaching the obstacle based on the 
Infomiation on the obstacle and the vehicle. 



1 3. The method according to any of claims 8 to 1 2, fur- 
ther comprising the step of estimating conditions of 
a road on which the vehicle is travelling, for deter- 
mination of whether the vehble can avoid collision so 
with the obstacle only by the driver's braking oper- 
ation based on the Information on the obstacle and 
the vehk^le and the estimated road conditions. 



14. The method according to any of claims 8 to 13, ss 
wherein the steering perfonnance-changing step 
includes at least the step of applying a braking force 
to at least one of front, rear, right and left wheels of 
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(54) Vehicle controlling apparatus and method 

(57) An obstacle existing ahead of a vehicle is rec- 
ognized to detect information on the obstacle. Infomna- 
tlon on travelling conditions of the vehicle is detected. 
The steering perfomiance of the vehicle Is changed for 
controlling behaviour of the vehicle. It is detemnined 
whether the vehicle can avoid collision with the obstacle 
only by a driver's braking operation based on at least 
the infonnation on the obstacle and the vehicle. The ve- 
hicle enters into an evasive driving mode in accordance 
with a driver's steering operation when It is determined 



that the vehicle cannot avoid collision with the obstacle 
only by the driver's braking operation. The steering per- 
formance of the vehicle is changed for controlling be- 
haviour of the vehicle. It Is detemnined whether the ve- 
hicle has been maneuvered for avoiding collision with 
the obstacle. The vehicle is released from the evasive 
driving mode when It is detemnined that the vehicle has 
not been maneuvered for avoiding collision with the ob- 
stacle even though the vehicle has reached the obstacle 
in the evasive driving mode. 
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